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Descr ipt ion 

Lubricating Oil Composition 

[Technical Field] 

This invention relates to lubricating oil 
compositions and more particularly to those which have 
excellent and long-lasting anti-shudder properties and 
are capable of providing a long fatigue life, suitable 
for automatic transmissions and/or continuously 
variable transmissions. 

[Background Art] 

Up to now, automatic transmissions have been 
required to have thermal oxidation stability, 
anti-wear properties, and friction characteristics for 
wet clutches. In order to enhance such properties and 
characteristics, lubricants have been used which 
contain a base oil suitably blended with various 
additives such as ant i -oxidant s , detergent dispersants, 
anti-wear agents, friction modifiers, seal swelling 
agents, viscosity index improvers, antifoamers, dyes, 
and the like. 

Recent automatic transmissions are desired to be 
light in weight and compact in size and demanded to be 
enhanced in power transmission capability, resulting 
from the increased output of engines to be combined. 
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Lubricants used in such automatic transmissions are now 
demanded to possess properties capable of preventing 
pitching (defects occurring when lubricated surfaces 
are damaged) on surfaces of bearings and gears so as 
to prolong the fatigue life thereof while maintaining 
high lubricating performance properties. 

In recent years, a control, so-called "slip 
lock-up control" wherein the lock-up clutch equipped 
in a torque converter is given a small degree of slip 
in a low speed range is employed in many of automatic 
transmissions. The slip lock-up control can transmit 
engine torque to a transmission mechanism efficiently 
while improving the riding comfort by absorbing the 
torque fluctuation. Some of continuously variable 
transmissions employ a so-called "slip control" for 
effecting a smooth start from the stop state by slipping 
and then engaging the wet starting clutch. In this 
connection, lubricants are demanded to have excellent 
and long-lasting anti-shudder properties for the slip 
control of such lock-up clutches and starting clutches. 

It is common knowledge that a lubricant containing 
sulfur-based additives providing excellent extreme 
pressure properties and anti-wear properties is 
effective in prolonging the fatigue life of bearings, 
gears or the like. However, since the sulfur-based 
additives are excellent in extreme pressure properties 
but can not avoid wears caused by corrosion and abrasion 
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due to their strong activity to metal surfaces, the 
single use of such additives may arise a problem. 

In order to obtain anti-shudder properties and 
prolong the duration thereof , it is necessary to add 
a suitable amount of a friction modifier capable of 
maintaining the friction characteristics of a lock-up 
clutch, to a lubricating oil. However, the friction 
modifier is less effective in prolonging fatigue life 
and will be decreased in anti-shudder maintaining 
effect at an early stage due to a deterioration in 
oxidation stability of the lubricating oil when the 
friction modifier is used in combination with the 
above-described sulfur-based additive. That is, it 
has been found difficult to achieve anti-pitching 
properties and excellent and long-lasting anti-shudder 
properties with conventional lubricating oils at the 
same t ime . 

In view of the foregoing situations, the object 
of the present invention is to provide a lubricating 
oil composition having both anti-pitching properties 
capable of providing a transmission with long fatigue 
life and sufficient and long-lasting anti-shudder 
properties, particularly suitable for automatic 
transmissions and/or continuously variable 
transmission . 

[Disclosures of the Invention] 
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According to the present invention, there is 
provided a lubricating oil composition which comprises 
(A) a base oil, (B) calcium salicylate having a base 
number of 50 to 300 mgKOH/g in an amount of 0.005 to 
0.07 percent by mass in terms of calcium, (C) an SP type 
extreme pressure additive in an amount of 0.005 to 0.07 
percent by mass in terms of phosphorous, (D) one or more 
compounds selected from the group consisting of 
succinimide compounds represented by formulas (3) and 
(4) below in an amount of 0.1 to 6 percent by mass, and 
(E) a boron-containing ashless dispersant in an amount 
of 0.001 to 0.05 percent by mass in terms of boron, based 
on the total mass of the composition: 



wherein R 11 is a straight-chain or branched hydrocarbon 
group having 8 to 30 carbon atoms, R 12 is hydrogen or 
a hydrocarbon group having 1 to 30 carbon atoms, R 13 
is a hydrocarbon group having 1 to 4 carbon atoms, and 
m is an integer of from 1 to 7; 
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wherein R 14 and R 15 are each independently a 
straight-chain or branched hydrocarbon group having 8 
to 30 carbon atoms, and R 1 6 and R 17 are each independently 
a hydrocarbon group having 1 to 4 carbon atoms, and n 
is an integer of from 1 to 7. 

The present invention will be described in more 
details below. 

Lubricating base oils (A) used in the present 
invention may be any mineral oils and/or synthetic oils 
which have conventionally been used as base oils for 
lubricating oils. 

Examples of such mineral base oil include 
paraffinic or naphthenic oils which can be obtained by 
subjecting a lubricating oil fraction produced by 
atmospheric- or vacuum-distilling a crude oil, to any 
one or more refining processes selected from solvent 
deasphalt ing, solvent extraction, hydrocracking, 
solvent dewaxing, catalytic dewaxing, hydr ore f ining , 
washing with sulfuric acid, and clay treatment; and 
n-paraf fines . 

Examples of synthetic base oils include poly-a 
-olefins such as 1-octene oligomer, 1-decene oligomer, 
and ethylene-propylene oligomer, and hydrides thereof; 
isobutene oligomer and hydrides thereof; 
isoparaf fines; alkylbenzenes; alkylnaphthalenes; 
diesters such as ditridecyl glutarate, di -2 -e t hylhexy 1 
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adipate, diisodecyl adipate, ditridecyl adipate, and 
di-2-ethylhexyl cebacate; polyol esters such as 
t r imet hy lolpr opane caprylate, t rime thy lolpropane 
pelargonate, pentaerythritol-2-ethyl hexanoate, and 
pentaery thr i t ol pelargonate; polyoxyal kylene glycols; 
dia 1 ky ldipheny 1 ethers; and polyphenyl ethers. 

In order to further improve fatigue life, it is 
preferred to use a mixture of two types of base oils 
having a different kinematic viscosity, i.e., a mixture 
of (A-l) a mineral or synthetic oil having a kinematic 
viscosity at 100 °C of 2 to 6 mrn 2 /s, or a mixture thereof 
and (A-2) a heavy mineral oil having a kinematic 
viscosity at 100 °C of 10 to 50 mm 2 /s, preferably 15 to 
45 mm 2 /s. A base oil obtained by mixing (A-l) and (A-2) 
oils has a kinematic viscosity at 100 °C of 1 to 10 mm 2 /s, 
preferably 2 to 8 mm 2 /s. 

The mix ratio of a base oil with a kinematic 
viscosity of (A-l) to a base oil with a kinematic 
viscosity of (A-2) is preferably 60 to 99.5 : 4 0 to 0.5 
by mass, more preferably 65 to 95 : 35 to 5. A base 
oil of a kinematic viscosity of (A-2) in an amount of 
less than 0.5 percent by mass would fail to obtain a 
further improvement in fatigue life caused by addition 
of the heavy base oil, while a base oil of a kinematic 
viscosity of (A-2) in an amount of more than 40 percent 
by mass would deteriorate the low- temperature fluidity 
of the resulting lubricating oil and thus would 
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adversely affect the low- temperature startability of 
a transmission. 

Examples of Component (B), i.e., calcium 
salicylate include neutral calcium salicylates, basic 
calcium salicylates, carbonated overbased calcium 
salicylates, borated overbased calcium salicylates, 
and mixtures thereof. 

No particular limitation is imposed on a method 
of producing calcium salicylate. For example , a 
neutral calcium salicylate mentioned above may be 
produced by reacting an alkyl salicylic acid having one 
or two alkyl groups having 10 to 30, preferably 12 to 
20, and more preferably 14 to 18 carbon atoms with a 
calcium base such as an oxide or hydroxide of calcium, 
in the presence or absence of sulfur. Examples of the 
alkyl group of the alkyl salicylic acid include decyl, 
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, 
hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, 
heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, 
hexacosyl, heptacosyl, octacosyl, nonacosyl, and 
triacontyl groups. Among these alkyl groups, 
preferred are tetradecyl, pentadecyl, hexadecyl, 
heptadecyl, and octadecyl groups. A basic calcium 
salicylate as mentioned above may be produced by 
heating a neutral calcium salicylate as mentioned above 
and a calcium salt or base in an excess amount in the 
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presence of water. A carbonated overbased calcium 
salicylate as mentioned above may be produced by 
reacting a neutral calcium salicylate as mentioned 
above with a calcium base in the presence of carbon 
dioxide gas. A borated overbased calcium salicylate 
may be produced by reacting a neutral calcium 
salicylate as mentioned above with a calcium base and 
a boric acid compound such as boric acid or anhydrous 
boric acid or reacting a carbonated overbased calcium 
salicylate as mentioned above with a boric acid 
compound such as boric acid or anhydrous boric acid. 

Component (B) is preferably a basic calcium 
salicylate having a base number of 50 to 300 mgKOH/g, 
preferably 70 to 250 mgKOH/g. The term "base number" 
used herein denotes a base number measured by the 
perchloric acid potent iometric titration method in 
accordance with section 7 of JIS K2501 (1992) 
"Petroleum products and 1 ubr i can t s - De t e rmi na t i on of 
neutralization number" . Component (B) of a base number 
of less than 50 mgKOH/g would be less effective in 
suppressing a wet clutch from being decreased in 
strength against repeating compression applied thereto, 
while Component (B) of a base number of more than 300 
mgKOH/g would deteriorate the storage stability of the 
resulting oil composition. 

The lower limit content of Component (B) is 0.005 
percent by mass, preferably 0.01 percent by mass while 
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the upper limit content of Component (B) is 0.07 percent 
by mass, preferably 0.06 percent by mass. Component 

(B) of less than 0.005 percent by mass would be less 
effective in friction modifying capability and 
shortened the duration of anti-shudder properties. 
Component (B) of more than 0.07 percent by mass would 
cause a possibility that calcium salts formed upon 
decomposition of Component (B), i.e., calcium 
salicylate clog the hollow hole of a wet friction clutch 
and thus change the friction coefficient. 

Component (C) of the lubricating oil composition 
of the present invention is an SP type extreme pressure 
additive. More specifically, examples of Component 

(C) are phosphorus compounds represented by formulas 
(1) and (2) and salts thereof: 

1 1 2 2 

R-X-P— X-R n . 

wherein at least one of X 1 , X 2 , and X 3 is sulfur and the 
remainder is oxygen, and R 1 , R 2 , and R 3 are each 
independently hydrogen or a hydrocarbon group having 
1 to 30 carbon atoms; and 

S 

4 4 II 5 5 

R — X — P — X — R /'-\\ 

l< 6 ^ 

X-R 



-9- 



wherein X 4 , X 5 , and X 6 are each independently oxygen or 
sulfur, and R 4 , R 5 , and R 6 are each independently 
hydrogen or a hydrocarbon having 1 to 30 carbon atoms. 

Specific examples of hydrocarbons having 1 to 30 
carbon atoms for R 1 to R 6 include alkyl, cycloalkyl, 
alkenyl, al kyl-subst ituted cycloalkyl, aryl, 
alkyl-subst ituted aryl, and arylalkyl groups. 

Examples of the alkyl group include 
straight-chain or branched alkyl groups such as methyl, 
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, 
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, 
pentadecyl, hexadecyl, heptadecyl, and octadecyl 
groups . 

Examples of the cycloalkyl group include those 
having 5 to 7 carbon atoms, such as cyclopentyl, 
cyclohexyl, and cycloheptyl groups. Examples of the 
alkylcycloalkyl groups include those having 6 to 11 
carbon atoms, such as methy lcyclopent yl , 
dimethylcyclopentyl, methylethylcyclopentyl , 
diethylcyclopentyl, methylcyclohexyl, 
dimethylcyclohexyl, me t hy let hylcyclohexy 1 , 
diethylcyclohexyl, methylcycloheptyl, 
dimethylcycloheptyl, methylethylcycloheptyl, and 
diethylcyclohept yl groups, of which the alkyl groups 
may bond to any position of the cycloalkyl groups. 

Examples of the alkenyl group include butenyl, 
pentenyl, hexenyl, heptenyl, octenyl, noneyl, decenyl, 
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undecenyl, dodecenyl, tridecenyl, tet radeceny 1 , 
pentadecenyl, hexadecenyl, hept adeceny 1 , and 
octadecenyl groups, all of which may be straight-chain 
or branched and the position of which the double bonds 
may vary . 

Examples of the aryl group include phenyl and 
naphtyl groups. Examples of the alkylaryl group 
include those having 7 to 18 carbon atoms, such as tolyl, 
xylyl, ethylphenyl, propy lpheny 1 , butylphenyl, 
pentylphenyl, hexylphenyl, heptylphenyl, octylphenyl, 
nonylphenyl, decylphenyl, undecy lpheny 1 , and 
dodecy lpheny 1 groups, of which the alkyl groups may be 
straight-chain or branched and may bond to any position 
of the aryl groups. 

Examples of the arylalkyl groups include those 
having 7 to 12 carbon atoms, such as benzyl, phenylethyl, 
pheny lpr opy 1 , phenylbutyl, .pheny lpent y 1 , and 
phenylhexyl groups, of which the alkyl groups may be 
straight-chain or branched. 

Hydrocarbon groups having 1 to 30 carbon atoms for 
R 1 to R 6 are preferably alkyl groups having 1 to 30 carbon 
atoms and aryl groups having 6 to 24 carbon atoms, more 
preferably alkyl groups having 4 to 20 carbon atoms, 
and further more preferably alkyl groups having 6 to 
18 carbon atoms. 

Examples of SP type extreme pressure additives 
represented by formula (1) include the following 
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phosphorus compounds : 
thiophosphite; 

monoalkylthiophosphi tes of which the alkyl group may 
be straight-chain or branched, such as 
monopropyl thiophosphite , monobut y lthiophosphit e , 
monopentylthiophosphite, monohexyl thiophosphite , 
monoheptylthiophosphite, monooctyl thiophosphite , and 
monolaurylthiophosphite; 

mono ((alkyl)aryl) thiophosphites, such as 
monophenyl thiophosphite and monocresyl thiophosphite ; 
dial ky 1 thiophosphi tes of which the alkyl groups may be 
straight-chain or branched, such as 
dipropylthiophosphite, dibutylthiophosphite, 
dipentylthiophosphite, dihexylthiophosphite, 
diheptylthiophosphite, dioctylthiophosphite, and 
dilaurylthiophosphite; di ( (alkyl) aryl) thiophosphite 
such as diphenylth'iophosphite and 

dicresylthiophosphite; trialkylthiophosphites of 
which the alkyl groups may be straight-chain or 
branched, such as tripropyl thiophosphite , 
tributylthiophosphite, tripentylthiophosphite, 
trihexylthiophosphite, triheptylthiophosphite, 
trioctylthiophosphite, and trilaurylthiophosphite; 
tri ( (alkyl) aryl) thiophosphites such as 
triphenylthiophosphite and tircresylthiophosphite; 
dithiophosphite; 

monoal kyldi thiophosphi tes of which the alkyl groups 
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may be straight-chain or branched, such as 
monopropyldi t hiophosphi t e , monobutyldithiophosphite, 
monopent y Idi t hiophosphit e , monohexy ldi thi ophosphi te , 
monohept yldit hiophosphi te , monooct y ldi thi ophosphi t e , 
and monolaur yldit hi ophosphi te ; 
mono ( (alkyl) aryl) dithiophosphites, such as 
monopheny ldi thi ophosphi te and 

monocresyldit hiophosphit e ; dialkyldithiophosphites 
of which the alkyl groups may be straight-chain or 
branched, such as dipr opy ldi t hiophosphite , 
dibutyldithiophosphite, dipentyldithiophosphite, 
dihexyldithiophosphite, diheptyldithiophosphite, 
dioctyldithiophosphite, and dilauryldithiophosphite; 
di ( (alkyl) aryl) dithiophosphite such as 

diphenyldit hiophosphi te and dicresyldi t hiophosphi te ; 

t r ial kyldi thiophosphi tes of which the alkyl groups may 

be straight-chain or branched, such as 

tripropyldithiophosphite, tributyldithiophosphite, 

tripentyldithiophosphite, trihexyldithiophosphite, 

triheptyldithiophosphite, trioctyldithiophosphite, 

and trilauryldithiophosphite; 

tri ( (alkyl) aryl) dithiophosphites such as 

triphenyldithiophosphite and 

tircresyldithiophosphite; 

trithiophosphite; 

monoalkyltr i thiophosphites of which the alkyl groups 
may be straight-chain or branched, such as 
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monopropy 1 t r i thiophosphi te , 
monobut y It ri thiophosphi te , 
monopent y It ri thiophosphi te , 
monohexy It ri thiophosphi te , 
monohepty It ri thiophosphi te , 
monooctyltrithiophosphite, and 
monolaury It ri thiophosphi te ; 

mono ( (alkyl) aryl) trithiophosphites, such as 
monopheny 1 1 rithiophosphite and 
monocr e s y It ri thiophosphi te ; 

dial kylt r ithiophosphi tes of which the alkyl groups may 
be straight-chain or branched, such as 
dipropylt rithiophosphite, dibutylt rithiophosphite, 
dipentylt rithiophosphite, dihexylt rithiophosphite, 
diheptyltrithiophosphite, dioctyltrithiophosphite, 
and dilauryltrithiophosphite; 
di((alkyl)aryl) trithiophosphite such as 
diphenylt rithiophosphite and 

dicresyltrithiophosphite; trial kyltrithiophosphites 
of which the alkyl groups may be straight-chain or 
branched, such as tripropylt rithiophosphite , 
tributyltrithiophosphite, tripentyltrithiophosphite, 
trihexyltrithiophosphite, triheptyltrithiophosphite, 
trioctylt rithiophosphite, and 
trilauryltrithiophosphite; 

tri ( (alkyl) aryl) trithiophosphites such as 
t ri phenyl t r i thiophosphi te and 
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tircresyltrithiophosphite; and mixtures thereof. 

In the present invention, preferably two or more 
of X 1 to X 3 are sulfur, and more preferably all of X 1 
to X 3 are sulfur. 

Examples of SP type extreme pressure additives 
represented by formula (2) include the following 
phosphorus compounds : 
thiophosphate; 

monoal kylthiophosphates of which the alkyl groups may 

be straight-chain or branched, such as 

mo nop ropy 1 thiophosphate , monobutylthiophosphate; 

monopentylthiophosphate, monohexy 1 thiophosphate , 

monoheptylthiophosphate, monooctyl thiophosphate , and 

monolaurylthiophosphate; 

mono ( (alkyl) aryl) thiophosphates, such as 
monophenyl thiophosphate and monocresylt hiophosphate ; 
dial kylthiophosphates of which the alkyl groups may be 
straight-chain or branched, such as 
dipropylthiophosphate, dibutylthiophosphate, 
dipentylthiophosphate, dihexylthiophosphate, 
diheptylthiophosphate, dioctylthiophosphate, and 
dilaurylthiophosphate; di ( (alkyl) aryl) thiophosphate 
such as diphenyl thiophosphate and 

dicresylthiophosphate; trial kylthiophosphates of 
which the alkyl groups may be straight-chain or 
branched, such as tripropyl thiophosphate , 
tributylthiophosphate, tripentylthiophosphate, 
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trihexylthiophosphate, triheptylthiophosphate, 
trioctylthiophosphate, and trilaurylthiophosphate; 
tri ( (alkyl) aryl) thiophosphates such as 
triphenylthiophosphate and tircresylthiophosphate; 
dithiophosphate; 

monoal ky Idithiophosphat es of which the alkyl group may 
be straight-chain or branched, such as 
monopropy Idithiophosphat e , 

monobut yldi t hiophosphat e ; monopenty Idithiophosphat e , 
monohexy Idithiophosphat e , monoheptyldithiophosphate, 
monoocty Idithiophosphat e , and 
monolauryldithiophosphate; 

mono ((alkyl) aryl) dithiophosphates, such as 
monopheny ldi t h i op ho spha t e and 

monocresyldithiophosphate; dialkyldithiophosphates 
of which the alkyl groups may be straight-chain or 
branched, such as dipropy ldi t hiophosphat e , 
dibutyldithiophosphate, dipentyldithiophosphate, 
dihexyldithiophosphate, diheptyldithiophosphate, 
dioctyldithiophosphate, and dilauryldithiophosphate; 
di( (alkyl) aryl) dithiophosphates such as 
dipheny ldi t hiophosphat e and dicresyldi thiophosphate ; 
trialkyldithiophosphates of which the alkyl groups may 
be straight-chain or branched, such as 
tripropyldithiophosphate, tributyldithiophosphate, 
tripentyldithiophosphate, trihexyldi thiophosphate, 
triheptyldithiophosphate, t r ioct y.ldi thiophosphate , 
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and trilauryldithiophosphate; 

tri ( (alkyl) aryl ) dithiophosphates such as 

triphenyldithiophosphate and 

tircresyldithiophosphate; 

trithiophosphate; 

monoalkyltrithiophosphates of which the alkyl groups 

may be straight-chain or branched, such as 

monopropyltrithiophosphate, 

monobutyltrithiophosphate; 

monopent yl t r i thiophosphate , 

monohexy 1 1 rithiophosphate, 

mono hep t y 1 1 rithiophosphate, 

monooctyltrithiophosphate, and 

monolaur y It r i thiophosphate ; 

mono ((alkyl) aryl) trithiophosphates, such as 
monophenylt rithiophosphate and 
monocr e s y 1 1 rithiophosphate; 

dial kylt r i t hiophosphates of which the alkyl groups may 
be straight-chain or branched, such as 
dipropyltrithiophosphate, dibutyltrithiophosphate, 
dipentyltrithiophosphate, dihexyltrithiophosphate, 
diheptylt rithiophosphate, dioctylt rithiophosphate, 
and dilauryltrithiophosphate; 
di ( (alkyl) aryl) trithiophosphates such as 
diphenylt rithiophosphate and 

dicresyltrithiophosphate; trial kyl trithiophosphates 
of which the alkyl groups may be s t r a i gh t - cha i n or 
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branched, such as tripropyltrithiophosphate, 
tributyltrithiophosphate, tripentyltrithiophosphate, 
trihexyltrithiophosphate, triheptyltrithiophosphate, 
trioctyltrithiophosphate, and 
trilauryltrithiophosphate; 

tri ( (alkyl) aryl) trithiophosphates such as 
triphenyltrithiophosphate and 
tircresyltrithiophosphate; 
tetrathiophosphate; 

monoal kylt et rathiophosphates of which the alkyl groups 
may be straight-chain or branched, such as 
monopropyl tetrathiophosphate, 
monobut y 1 1 e t r a t hi opho sphat e ; 
monopent y 1 1 e t rathiophosphat e , 
monohexyl tetrathiophosphate, 
monoheptyltetrathiophosphate, 
monooctyltetrathiophosphate, and 
monolauryl tetrathiophosphate; 

mono ( ( al kyl ) aryl ) tet rathiophosphates , such as 
monophenyl tetrathiophosphate and 
monocre syl tetrathiophosphate; 

dialkyltetrathiophosphates of which the alkyl groups 

may be straight-chain or branched, such as 

dipropyltetrathiophosphate, 

dibutyltetrathiophosphate, 

dipentyl tetrathiophosphate, 

dihexyltetrathiophosphate, 
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diheptyltetrathiophosphate, 
dioctyltetrathiophosphate, and 
dilauryltetrathiophosphate; 

di ( (alkyl) aryl) tetrathiophosphates such as 
diphenyltetrathiophosphate and 
dicresyltetrathiophosphate; 

t r ial kyl tetrathiophosphates of which the alkyl groups 

may be straight-chain or branched, such as 

tripropyltetrathiophosphate, 

tributyltetrathiophosphate, 

t ripentyl tet rat hio phosphate , 

trihexyltetrathiophosphate, 

triheptyltetrathiophosphate, 

trioctyltetrathiophosphate, and 

trilauryltetrathiophosphate; 

tri ( (alkyl) aryl) tetrathiophosphates such as 
triphenyltetrathiophosphate and 

tircresyltetrathiophosphate; and mixtures thereof. 

In the present invention, preferably one to three 
of X 4 to X 6 are sulfur, and more preferably one or two 
of X 4 to X 6 are sulfur. 

Examples of salts of phosphorus compounds 
represented by formula (1) or (2) are those obtained 
by allowing a phosphorus compound to react with a 
nitrogen-containing compound such as ammonia or an 
amine compound having in its molecules only hydrocarbon 
or hydroxyl-containing hydrocarbon groups having 1 to 
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8 carbon atoms so as to neutralize the whole or part 
of the remaining acid hydrogen . 

Specific examples of the nitrogen-containing 
compound are ammonia; alkylamines, of which the alkyl 
groups may be straight-chain or branched, such as 
monomethy 1 amine , monoethy 1 amine , monopropyl amine , 
monobutylamine, monopentylamine, monohexy 1 amine , 
monohept yl amine , monooctyl amine , dimethyl amine , 
methylethylamine, diethylamine, methy lpropy 1 amine , 
ethylpropylamine, dipropylamine, methylbut yl amine , 
ethylbutylamine, propylbutylamine, dibut yl amine , 
dipentylamine, dihexy lamine , di hept y 1 ami ne and 
dioct y lamine ; a 1 kano 1 ami ne s , of which the alkanol 
groups may be straight-chain or branched, such as 
monomethanolamine, monoethano lamine , 
monopropanolamine, monobut ano lamine , 
monopentano lamine , monohexanolamine, 
monoheptanolamine, monooct ano lamine , 
monononanolamine, dimethanolamine, 
methanolethanolamine, diethanolamine, 
met ha no lpropano lamine , ethanolpropanolamine, 
dipropanolamine, met ha no lbut a no lamine , 
ethanolbutanolamine, propanolbutanolamine, 
dibutanolamine, dipentanolamine, dihexanolamine, 
diheptanolamine and dioctanolamine; and mixtures 
thereof . 

One or more of these Components (C) may be blended 
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arbitrarily. 

The use of Component (C) makes it possible to 
provide not only anti-wear properties but also 
optimized friction characteristics for a wet clutch. 

The lubricating oil composition of the present 
invention contains Component (C) in an amount of 0.005 
percent by mass or more, preferably 0.008 percent by 
mass or more and 0.0 7 percent by mass or less, preferably 
0.06 percent by mass or less, in terms of phosphorus 
based on the total mass of the composition. Component 
(C) of less than 0.005 percent would be ineffective in 
anti-wear properties, while Component (C) in excess of 
0.07 percent by mass would be prone to cause pitching. 

Component (D) of the lubricating oil composition 
of the present invention is a succinimide compound 
represented by formula (3) or (4) below: 




wherein R 11 is a straight-chain or branched hydrocarbon 
having 8 to 30 carbon atoms, R 12 is hydrogen or a 
hydrocarbon group having 1 to 30 carbon atoms, R 13 is 
a hydrocarbon group having 1 to 4 carbon atoms, and m 
is an integer of from 1 to 7; and 
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16 17 



N— (R-NH)-R — N 



(4) 



wherein R 14 and R 15 are each independently a 
straight-chain or branched hydrocarbon group having 8 
to 30 carbon atoms, R 16 and R 17 are each independently 
a hydrocarbon group having 1 to 4 carbon atoms, and n 
is an integer of from 1 to 7. 

R 11 in formula (3) and R 14 and R 15 in formula (4) 
are each independently a straight-chain or branched 
hydrocarbon group having 8 to 30, preferably 12 to 25 
carbon atoms. Examples of such a hydrocarbon group are 
include alkyl and alkenyl groups. Preferred are alkyl 
groups. Examples of the alkyl groups are octyl, 
octenyl, nonyl, nonenyl, decyl, decenyl, dodecyl, 
dodecenyl, octadecyl, octadecenyl, and s t r a i gh t - cha i n 
or branched alkyl groups having up to 30 carbon atoms. 
A hydrocarbon group having fewer than 8 carbon atoms 
or more than 30 carbon atoms would be ineffective in 
anti-shudder vibration. Preferred are branched alkyl 
groups having 8 to 30 carbon atoms, and particularly 
preferred are branched alkyl groups having 10 to 25 
carbon atoms. A branched alkyl group having 8 to 30 
carbon atoms results in a lubricating oil composition 
exhibiting a higher torque capacity than a 
straight-chain alkyl group. 
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R in formula (3) and R lb and R in formula (4) 
are each independently a hydrocarbon group having 1 to 
4 carbon atoms. Examples of such a hydrocarbon include 
alkylene groups having 1 to 4 carbon atoms, preferably 
alkylene groups having 2 or 3 carbon atoms (ethylene, 
propylene ) . 

R 12 in formula (3) is hydrogen or a straight-chain 
or branched hydrocarbon group having 1 to 30 carbon 
atoms. Examples of such a straight-chain or branched 
hydrocarbon group include straight-chain or branched 
alkyl or alkenyl groups having 1 to 30 carbon atoms. 
Preferred are branched alkyl or alkenyl groups having 
1 to 30 carbon atoms, more preferred are branched alkyl 
or alkenyl groups having 8 to 30 carbon atoms, and 
further more preferred are branched alkyl or alkenyl 
groups having 10 to 25 carbon atoms. Particularly 
preferred are branched alkyl groups. 

In formulas (3) and (4), m and n are each 
independently an integer of from 1 to 7. In order to 
obtain a lubricating oil composition exhibiting a 
higher torque capacity, m and n are each independently 
preferably 1, 2, or 3, particularly preferably 1. 

A succinimide compound represented by formula (3). 
or (4) may be produced by a conventional method. For 
example, such a succinimide compound may be produced 
by reacting an alkyl or alkenyl succinic anhydride with 
a polyamine. More specifically, a monosuccinimide of 
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formula (3) wherein R is hydrogen may be obtained by 
adding dropwise 1 mole of a succinic anhydride having 
a straight-chain or branched alkyl or alkenyl group 
having 8 to 30 carbon atoms to 1 mole or more of a 
polyamine such as diethy lenet r iamine , 
triethylenetetramine, and tetraethylenepentamine 
under a nitrogen atmosphere at a temperature of 130 to 
180 °C , preferably 140 to 175 °C for 1 to 10 hours, 
preferably 2 to 6 hours and by distilling out the 
unreacted polyamine. A monosuccinimide of formula (3) 
wherein R 12 is a hydrocarbon group having 1 to 30 carbon 
atoms may be obtained by reacting 
N-octadecyl-1, 3-propanediamine with succinic 
anhydride as described above by the same method as 
described above. A bis succinimide represented by 
formula (4) may be obtained by reacting 0.5 mol of a 
polyamine as mentioned above with 1 mol of succinic 
anhydride as described above under the same reaction 
conditions as described above and removing the water 
generated . 

In the present invention, Component (D) is 
preferably a bis-type succinimide represented by 
formula (4) because the use of a bis-type succinimide 
is contributive to the production of a lubricating oil 
composition with a higher torque transmission capacity, 
compared with a mono-type succinimide represented by 
f ormu la ( 3 ) . 
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The content of Component (D) in the lubricating 
oil composition of the present invention is 0.1 percent 
by mass or more, preferably 0.2 percent by mass or more, 
based on the total mass of the composition. The content 
of Component (D) is 6 percent by mass or less, preferably 
4 percent by mass or less, based on the total mass of 
the composition. Component (D) of less than 0.1 
percent by mass would be ineffective in maintaining 
excellent anti-shudder properties and shifting 
properties, while Component (D) in excess of 6 percent 
by mass would fail to attain effects as expected. 

Component (E) of the lubricating oil composition 
of the present invention is a boron-containing ashless 
dispersant. Component (E) importantly contains boron. 
In the case where a boron-free ashless dispersant is 
used as Component (E), it can not achieve the purposes 
of the present invention becauseit not only fails to 
inhibit fatigue caused by pitching or flaking and 
provide anti-shudder properties but also becomes 
ineffective in anti-wear properties and oxidation 
stability as a lubricating oil composition even though 
it is used in combination with Components (B) and (C) . 

Specific examples of Component (E) include 
modified products obtained by modifying a 
nitrogen-containing compounds or derivative thereof, 
having at least one alkyl or alkenyl group having 40 
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to 400 carbon atoms in the molecules, with a boron 
compound. Any one or more kinds selected from these 
compounds may be blended. 

The alkyl or alkenyl group may be straight-chain 
or branched but is preferably a branched alkyl or 
alkenyl group derived from an oligomer of an olefin such 
as propylene, 1-butene, and isobutylene or a cooligomer 
of ethylene and propylene. 

Although the carbon number of the alkyl or alkenyl 
group is optional, it is preferably 40 to 400, more 
preferably 60 to 350 carbon atoms. An alkyl or alkenyl 
group having fewer than 40 carbon atoms would 
deteriorate the solubility of the compound in a base 
oil, while an alkyl or alkenyl group having more than 
4 00 carbon atoms would deteriorate the low-temperature 
fluidity of the resulting lubricating oil composition. 

Specific examples of the above-mentioned 
nitrogen-containing compound or derivative include any 
one or more kinds of compounds selected from: 
(E-l) succinimides having at least one alkyl or alkenyl 

group having 40 to 400 carbon atoms in the 

molecules or derivatives thereof; 
(E-2) benzylamines having at least one alkyl or alkenyl 

group having 40 to 400 carbon atoms in the 

molecules or derivatives thereof; and 
(E-3) polyamines having at least one alkyl or alkenyl 

group having 40 to 400 carbon atoms in the 
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molecules or derivatives thereof. 

Specific examples of (E-l) succinimides are those 
represented by the fol lowing formulas : 



21 




R 



N — (CH 2 CH 2 NH)j- H (5) 



O 
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N — (CH 2 CH 2 NH)g CH 2 CH 2 — N 



(6) 



In formula (5), R is an alkyl or alkenyl group 
having 40 to 4 00, preferably 60 to 350 carbon atoms, 
and a is an integer of from 1 to 5, preferably 2 to 4. 

In formula (6) , R 22 and R 23 are each independently 
an alkyl or alkenyl group having 40 to 400, preferably 
60 to 350 carbon atoms, and b is an integer of from 0 
to 4, preferably 1 to 3. 

Mono-type succinimides represented by formula (5) 
and bis-type succinimides represented by formula (6) 
may be used singlely or in combination. 

Specific examples of (E-2) benzylamines are 
compounds represented by the formula 
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In formula (7), R is an alkyl or alkenyl group 
having 40 to 400 , preferably 60 to 350 carbon atoms, 
and c is an integer of from 1 to 5, preferably 2 to 4. 

No particular limitation is imposed on the method 
of producing the benzylamines . However, for example, 
one of the benzylamines may be produced by reacting a 
polyolef in such as propylene oligomer, polybutene, or 
an ethylene- a -olefin copolymer with a phenol so as to 
obtain an alkylphenol, followed by a Mannich reaction 
thereof with formaldehyde and a polyamine such as 
diethylenetriamine, triethylenetetramine, 
tet r ae thy lenepent amine , or pentaethylenehexamine. 

Specific examples of (E-3) polyamines are 
compounds represented by the formula 

R 25 -NH- (CH 2 CH 2 NH) d — H (8) 

In formula (8), R 25 is an alkyl or alkenyl group 
having 40 to 400, preferably 60 to 350 carbon atoms, 
and d is an integer of from 1 to 5, preferably 2 to 4. 

No particular limitation is imposed on the method 
of producing the polyamines represented by formula (8) . 
For example, one of the polyamines may be produced by 
subjecting a polyolef in such as propylene oligomer, 
polybutene, or an ethylene- a -olef in copolymer to 
chl o r idi za t i on , followed by a reaction thereof with 
ammonia or a polyamine such as et hylenediamine , 
diethylenetriamine, triethylenetetramine, 



-28- 



tetraethylenepentamine, or pentaethylenehexamine. 

Specific examples of the derivatives of the 
nitrogen compounds (E-l) to (E-3) are carboxylic 
acid-modified compounds obtained by allowing any one 
of the aforesaid nitrogen compounds to react with a 
monocarboxy 1 ic acid (fatty acid) having 2 to 30 carbon 
atoms or a pol yea rboxy 1 i c acid having 2 to 30 carbon 
atoms, such as oxalic acid, phthalic acid, trimellitic 
acid , or py r ome llitic acid so as to neutralize or 
amidize the whole or part of the remaining amino and/or 
imino groups; sulfur-modified compounds obtained by 
allowing any one of the aforesaid nitrogen compounds 
to react with a sulfuric compound; and mixtures 
thereof . 

Component (E) used in the present invention is a 
compound obtained by modifying any one of the aforesaid 
nitrogen-containing compounds or a derivative thereof 
with a boron compound. 

No particular limitation is imposed on the method 
of modifying the nitrogen compounds or derivatives 
thereof with a boron compound. Therefore, any suitable 
method may be employed. For example, any one of the 
aforesaid nitrogen compounds or derivatives thereof is 
reacted with a boron compound such as boric acid, a 
borate, or a boric acid ester so as to neutralize or 
amidize the whole or part of the amino and/or imino 
groups remaining in the nitrogen compound or derivative 
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thereof . 

Specific examples of the boron compounds used 
herein include orthoboric acid, methaboric acid, and 
tetraboric acid. Examples of borates include alkali 
metal salts, alkaline earth metal salts, or ammonium 
salts of boric acid. More specific examples include 
lithium borate such as lithium methaborate, lithium 
tetraborate, lithium pentaborate, and lithium 
perborate; sodium borate such as sodium methaborate, 
sodium diborate, sodium tetraborate, sodium 
pentaborate, sodium hexaborate, and sodium octaborate; 
potassium borate such as potassium methaborate, 
potassium tetraborate, potassium pentaborate, 
potassium hexaborate, and potassium octaborate; 
calcium borate such as calcium methaborate, calcium 
diborate, tricalcium tetraborate, pentacalcium 
tetraborate, and calcium hexaborate; magnesium borate 
such as magnesium methaborate, magnesium diborate, 
trimagnesium tetraborate, pentamagnes ium tetraborate, 
and magnesium hexaborate; and ammonium borate such as 
ammonium methaborate, ammonium tetraborate, ammonium 
pentaborate, and ammonium octaborate. Examples of the 
boric acid esters include esters of boric acid and an 
alkyl alcohol having 1 to 6 carbon atoms and more 
specifically monomethyl borate, dimethyl borate, 
trimethyl borate, monoethyl borate, diethyl borate, 
triethyl borate, monopropyl borate, dipropyl borate, 
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tripropyl borate, monobutyl borate, dibutyl borate, 
and tributyl borate. 

No particular limitation is imposed on the boron 
content in Component (E). However, the boron content 
is preferably 0.2 percent by mass or more, more 
preferably 0.4 percent by mass or more and preferably 
4 percent by mass or less, more preferably 2.5 percent 
by mass or less in order to obtain long fatigue life 
and excellent anti-wear properties. 

Preferred for. Component (E) are those obtained by 
modifying (E-l) succinimides having at least one alkyl 
or alkenyl group having 40 to 400 carbon atoms per 
molecule or derivatives, thereof used as the aforesaid 
nitrogen-containing compounds with the aforesaid boron 
compounds; and mixtures thereof with the objective of 
improved fatigue life and anti-wear properties. 

The content of Component (E) in the lubricating 
oil composition of the present invention is 0.001 
percent by mass or more, preferably 0.002 percent by 
mass or more in terms of boron, based on the total mass 
of the composition and 0.05 percent by mass or less, 
preferably 0.03 percent by mass or less in terms of boron, 
based on the total mass of the composition. Component 
(E) of less than 0.001 percent would be ineffective in 
preventing pitching or flaking, while Component (E) of 
more than 0.05 percent by mass would deteriorate the 
oxidation stability of the resulting composition. 
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The lubricating oil composition of the present 
invention may be blended with known additives for the 
purpose of further enhancing its functions as a 
lubricating oil. Examples of such additives include 
(F) phosphorus extreme pressure additives, (G) 
boron-free ashless dispersants, (H) metal detergents 
other than Component (B) , (I) friction modifiers, (J) 
ant i -oxidant s , (K) viscosity index improvers, (L) 
antifoamers, ( M ) rust preventives, (N) corrosion 
inhibitors, (0) pour-point depressants, and (P) rubber 
swelling agents. These additives may be used singlely 
or in combination. 

Addition of Component (F), i.e., phosphorus 
extreme pressure additives to the lubricating oil 
composition of the present invention is preferable 
because it can favorably maintain anti-wear properties 
for gears and friction characteristics for wet 
clutches . 

Examples of the phosphorus extreme pressure 
additives include zinc a 1 ky ldi t hiophospha t e s , 
phosphoric acid, phosphorous acid, monophosphates, 
diphosphates, triphosphates, monophosphites, 
diphosphi tes , t r iphosphi tes , salts of phosphates and 
phosphites, and mixtures thereof. 

Among these phosphorus extreme pressure additives, 



-32- 



those other than phosphoric acid and phosphorus acid 
are compounds containing a hydrocarbon group having 2 
to 30, preferably 3 to 20 carbon atoms. 

Examples of hydrocarbon groups having 2 to 30 
carbon atoms include alkyl groups such as ethyl, propyl, 
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, 
hexadecyl, heptadecyl, and octadecyl groups, all of 
which may be s t r a i ght - cha i n or branched; alkenyl groups 
such as butenyl, pentenyl, hexenyl, heptenyl, octenyl, 
nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, 
tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl 
and octadecenyl groups, all of which may be 
straight-chain or branched and the position of which 
the double bonds may vary; cycloalkyl groups having 5 
to 7 carbon atoms, such as cyclopentyl, cyclohexyl, and 
cycloheptyl groups; alkylcycloalkyl groups having 6 to 
11 carbon atoms, such as met hy lcyclopent y 1 , 
dimethylcyclopentyl, met hy let hy lcyclopent yl , 
diethylcyclopentyl, methylcyclohexyl, 
dimethyl cyclohexyl , methylethylcyclohexyl, 
diethylcyclohexyl, methyl cycloheptyl , 
dime thy lcyclohept y 1 , met hylet hylcyclohept y 1 and 
diet hy lcyclohept yl groups, of which the cycloalkyl 
groups may possess an alkyl substituent at any 
position; aryl groups such as phenyl and naphthyl; 
alkylaryl groups having 7 to 18 carbon atoms, such as 
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tolyl, xylyl, ethylphenyl, propylphenyl, butylphenyl, 
pent y lpheny 1 , hexylphenyl, heptylphenyl, octylphenyl, 
nonylphenyl, decy lpheny 1 , undecylphenyl, and 
dodecylphenyl groups, all of which the alkyl groups may 
be straight-chain or branched and may bond to any 
position of the aryl group; and arylalkyl groups having 
7 to 12 carbon atoms, such as benzyl, phenylethyl, 
pheny lpr opy 1 , phenylbutyl, phenylpentyl and 
phenylhexyl groups, all of which alkyl groups may be 
straight-chain or branched. 

Preferred compounds as Component (F) are 
phosphoric acid; phosphorus acid; zinc 

al kyldi thiophosphat es , of which the alkyl groups may 
be straight-chain or branched, such as zinc 
dipropyldithiophosphate, zinc dibutyldithiophosphate, 
zinc dipentyldithiophosphate, zinc 

dihexyldithiophosphate, zinc diheptyldithiophosphate, 
and zinc dioct yldi thiophosphat e ; monoalkyl phosphates, 
of which the alkyl groups may be straight-chain or 
branched, such as monopropyl phosphate, monobutyl 
phosphate, monopentyl phosphate, monohexyl phosphate, 
monohept y 1 phosphate, and monooctyl phosphate; 
mono ( a 1 ky 1 ) aryl phosphates such as monophenyl 
phosphate and monocresyl phosphate; dialkyl phosphates, 
of which the alkyl groups may be straight-chain or 
branched, such as dipropyl phosphate, dibutyl 
phosphate, dipentyl phosphate, dihexyl phosphate, 
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diheptyl phosphate, and dioctyl phosphate; 
di (alkyl) aryl phosphates such as diphenyl phosphate 
and dicresyl phospahte; trialkyl phosphates, of which 
the alkyl groups may be straight-chain or branched, 
such as tripropyl phosphate, tributyl phosphate, 
tripentyl phosphate, trihexyl phosphate, triheptyl 
phosphate, and trioctyl phosphate; t r i ( a 1 ky 1 ) a r y 1 
phosphates such as triphenyl phosphate and tricresyl 
phosphate; monoalkyl phosphites, of which the alkyl 
groups ma y be straight-chain or branched, such as 
monopropyl phosphite, monobutyl phosphite, monopentyl 
phosphite, monohexyl phosphite, monoheptyl phosphite, 
and monooctyl phosphite; mono ( al kyl ) aryl phosphites 
such as monophenyl phosphite and monocresyl phosphite; 
dialkyl phosphites, of which the alkyl groups may be 
straight-chain or branched, such as dipropyl phosphite, 
dibutyl phosphite, dipentyl phosphite, dihexyl 
phosphite, diheptyl phosphite, and dioctyl phosphite; 
di ( al kyl ) aryl phosphites such as diphenyl phosphite 
and dicresyl phosphite; trialkyl phosphites, of which 
the alkyl groups may be straight-chain or branched, 
such as tripropyl phosphite, tributyl phosphite, 
tripentyl phosphite, trihexyl phosphite, triheptyl 
phosphite, and trioctyl phosphite; tri (alkyl) aryl 
phosphites, such as triphenyl phosphite and tricresyl 
phosphite; and mixtures thereof. 

Specific examples of salts of phosphates and 
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phosphites include those obtained by allowing 
monophosphate, diphosphate, monophosphite, or 
diphosphite to react with a nitrogen compound such as 
ammonia or an amine compound having in its molecules 
only a hydrocarbon group or hydroxyl -containing 
hydrocarbon group having 1 to 8 carbon atoms so as to 
neutralize the whole or part of the remaining acid 
hydrogen . 

Specific examples of the nitrogen compound 
include ammonia; a 1 ky lamines , of which the alkyl groups 
may be straight-chain or branched, such as 
monomethy 1 amine , monoethylamine, monopropylamine, 
monobutylamine, monopentylamine, monohexylamine, 
monohept y 1 amine , monooctylamine, dimethyl amine, 
methylethylamine, diethylamine, met hylpropyl amine, 
ethylpropylamine, dipropylamine, met hy lbut y 1 amine , 
ethylbutylamine, propylbutylamine, dibutylamine, 
dipent ylamine , dihexy lamine , dihept ylamine , and 
dioct ylamine ; a 1 kanol ami ne s , of which the alkanol 
groups may be straight-chain or branched, such as 
monomet ha no lamine , monoet ha no lamine , 
monopropanolamine, monobut ano lamine , 
monopentanolamine, monohexano lamine , 
monohept a no lamine , monooct a no lamine , 
monononanolamine, dime t ha no lamine , 
methanolethanolamine, diethanolamine, 
methanolpropanolamine, ethanolpropanolamine, 
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dipropanolamine, me t hanolbu t anol amine , 
ethanolbutanolamine, propanol but anol amine , 
dibutanolamine, dipentanolamine, dihexanolamine, 
diheptanolamine, and dioctanolamine ; and mixtures 
thereof . 

One or more Components (F) may be arbitrarily 
added to the lubricating oil composition of the present 
invention . 

No particular limitation is imposed on the content 
of Component (F). However, the lubricating oil 
composition preferably contains Component (F) in an 
amount of 0.005 to 0.2 percent by mass in terms of 
phosphorus, based on the total mass of the composition. 
Component (F) in an amount of less than 0.005 percent 
by mass would be ineffective in anti-wear properties, 
while Component (F) in an amount of more than 0.2 percent 
by mass would deteriorate the oxidation stability. 

The lubricating oil composition of the present 
invention preferably contains Component (G), i.e., 
boron-free ashless dispersants with the objective of 
improving wet friction characteristics, friction 
characteristics for wet clutches, inhibition of 
deterioration by oxidation while a lubricating oil is 
used, and di spe r s ib i 1 i t y of insolubles. 

Boron-free ashless dispersants which may be added 
are ashless dispersants which are compounds before 
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being modified with a boron compound as described with 
respect to Component (E) . In the present invention, 
one or more kinds of compounds selected from such 
ashless dispersants may be blended in an arbitrary 
amount. The content of boron-free ashless dispersants 
is preferably from 0.1 to 10 percent by mass, based on 
the total mass of the lubricating oil composition. 

Component (H), i.e., metal detergents other than 
Component (B), which may be used in combination with 
the lubricating oil compositions of the present 
invention may be any compounds which are usually used 
as metal detergents in a lubricating oil. For example, 
there may be used alkali metal or alkaline earth metal 
sulfonates, alkali metal or alkaline earth metal 
phenates, and alkali metal or alkaline earth metal 
napht henat es . One or more these compounds may be used 
in combination. Examples of alkali metals include 
sodium and potassium, while examples of alkaline earth 
metals include calcium and magnesium. Specific 
preferred examples of the metal detergents are calcium 
sulfonate, magnesium sulfonate, calcium phenate, and 
magnesium phenate. The base number and blend amount 
of these metal detergents are arbitrarily selected 
depending on the requisite performance characteristics 
of a lubricating oil. 
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Component (I), i.e., friction modifiers which may 
be used in combination with the lubricating oil 
compositions of the present invention may be any 
compounds which are usually used as friction modifiers 
in a lubricating oil. For example, there may be used 
amine compounds, fatty acid esters, fatty acid amides, 
and fatty acid metal salts, all having in the molecules 
at least one alkyl or alkenyl group having 6 to 30 carbon 
atoms, preferably at least one straight-chain alkyl or 
alkenyl group having 6 to 30 carbon atoms. 

Examples of amine compounds include 
straight-chain or branched, preferably straight-chain 
aliphatic monoamines having 6 to 30 carbon atoms, 
straight-chain or branched, preferably straight-chain 
aliphatic polyamines having 6 to 30 carbon atoms, and 
al ky leneoxide adducts of these aliphatic amines. 
Examples of fatty acid esters include esters of 
straight-chain or branched, preferably straight-chain 
fatty acids having 7 to 31 carbon atoms and aliphatic 
monohydric alcohols or aliphatic polyhydric alcohols. 
Examples of fatty acid amides include amides of 
straight-chain or branched, preferably straight-chain 
fatty acids having 7 to 31 carbon atoms and aliphatic 
monoamines or aliphatic polyamines. Examples of fatty 
acid metal salts include alkaline earth metal salts 
(magnesium salts and calcium salts) or zinc salts of 
straight-chain or branched, preferably straight-chain 
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fatty acids having 7 to 31 carbon atoms. 

Although in the present invention, one or more 
compounds selected from the above-described friction 
modifiers may be blended in an arbitrary ratio, the 
content of thereof is generally within the range of 0.01 
to 5.0 percent by mass, preferably 0.03 to 3.0 percent 
by mass, based on the total amount of the lubricating 
oil composition. 

Component (J), i.e., ant i -oxidant s which may be 
used in combination with the lubricating oil 
compositions of the present invention may be any 
conventional ones such as phenol-based compounds or 
amine-based compounds which are usually used as 
anti-oxidants for a lubricating oil. 

Specific examples of oxidation inhibitors include 
alkylphenols such as 

2-6-di-tert-butyl-4-methylphenol ; bisphenols such as 
methylene-4, 4-bisphenol (2, 6-di-tert-butyl-4 -methyl 
phenol); naphtylamines such as phenyl- a 
-naphtylamine; dialkyldiphenylamines; zinc 
dialkyldithiophosphates such as zinc 
di-2-ethylhexyldithiophosphate ; and esters of 
(3, 5-di-tert-butyl-4-hydroxyphenyl) fatty acid such as 
propionic acid and monohydric or polyhydric alcohols 
such as methanol, octadecanol, 1 , 6-hexanediol , 
neopentyl glycol, t hiodiet hy lene glycol, triethylene 
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glycol, and pent aery thritol . 

Although in the present invention, one or more 
compounds selected from the above-described 
anti-oxidants may be blended in an arbitrary ratio, the 
content of thereof is generally within the range of 0.01 
to 5.0 percent by mass, based on the total amount of 
the lubricating oil composition. 

Component (K), i.e., viscosity index improvers 
which may be used in combination with the lubricating 
oil compositions of the present invention may be 
non-dispersion type viscosity index improvers such as 
polymers or copolymers of one or more monomers selected 
from various met hacrylates or hydrides thereof and 
dispersion type viscosity index improvers such as 
copolymers of various methacr yla t es further containing 
nitrogen compounds. Another examples of viscosity 
index improvers are non-dispersion- or di spe r s i on- 1 ype 
ethylene- a -olefin copolymers of which the a -olefin 
may be propylene, 1-butene, or 1-pentene, or the 
hydrides thereof, polyisobutylenes or the hydrogenated 
products thereof, s t yrene-diene hydrogenated 
copolymers, st y rene-malea te anhydride copolymers, and 
polyalkylstyrenes . 

It is necessary to select the molecular weight of 
these viscosity index improvers considering the shear 
stability thereof. Specifically, the number-average 
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molecular weight of non-dispersion or dispersion type 
polymethacr ylates is preferably from 5,000 to 150,000, 
and more preferably from 5,000 to 35,000. The 
number-average molecular weight of polyisobut ylenes or 
hydrides thereof is from 800 to 5,000, preferably from 
1,000 to 4,000. The number-average molecular weight 
of ethylene- a -ole f in copolymers and hydrides thereof 
is from 800 to 150,000, preferably from 3,000 to 12,000. 

Among these viscosity index improvers, the use of 
ethylene- a -olefin copolymers or hydrides thereof is 
contributive to production of a lubricating oil 
composition which is excellent particularly in shear 
stability . 

Although in the present invention, one or more 
compounds selected from the above-described viscosity 
index improvers may be blended in an arbitrary ratio, 
the content of thereof is generally within the range 
of 0.1 to 40 percent by mass, based on the total amount 
of the lubricating oil composition. 

Component (L), i.e., anti-foamers which may be 
used in combination with the lubricating oil 
compositions of the present invention may be any 
conventional ones which are usually used as 
anti-foamers for a lubricating oil. Specific examples 
of anti-foamers include silicones such as 
dime t hyl s i 1 icone and f luoros i 1 icone . Although in the 
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present invention, one or more compounds selected from 
the above-described anti-foamers may be blended in an 
arbitrary ratio, the content of thereof is generally 
within the range of 0.001 to 0.05 percent by mass , based 
on the total amount of the lubricating oil composition. 

Examples of Component (M) , i.e., rust preventives 
include alkenyl succinic acids, alkenyl succinic acid 
esters, polyhydric alcohol esters, petroleum 
sulfonates, and dinonylnaphthalenesulfonate. 

Examples of Component (N), i.e., corrosion 
inhibitors include benzot r iazole- , tolylt riazole- , 
and imidazole-based compounds. 

Examples of Component (O), i.e., pour-point 
depressants include polymethacry late-based polymers , 
which are adaptable to a lubricating base oil to be used. 

Examples of Component (P), i.e., rubber swelling 
agents include aromatic compounds. 

In the present invention, the contents of 
Components (M), (N), (O), and (P) may be arbitrarily 
selected. However, in general, the content of the 
corrosion inhibitors, is from 0.005 to 0.2 percent by 
mass, based on the total mass of the composition. The 
content of the other additives is from 0.005 to 10 
percent by mass, based on the total mass of the 
composition . 
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[Best Mode for Carrying out the Invention] 

The present invention will be further described 
in more detail with reference to the following examples 
and comparative examples but are not limited thereto. 

(Examples 1 to 8 and Comparative Examples 1 to 8) 

There were prepared transmission lubricating oil 
compositions (Examples 1 to 8) as shown in Tables 1-1 
and 1-2 and those for comparison (Comparative Examples 
1 to 8) as shown in Tables 2-1 and 2-2. Each of the 
compositions was evaluated by (1) a duration test of 
anti-shudder properties and (2) a fatigue life test 
described below. The results are also shown in Tables 
1-1, 1-2, 2-1, and 2-2 . 

(1) Duration test of anti-shudder properties 
On the basis of "Automatic transmission 
f luids -Ant i - shudder performance test" prescribed in 
JASO M349-98, the low velocity sliding test wherein the 
fluid temperature during the duration test was changed 
from 120 °C to 140 °C was conducted. The duration of 
anti-shudder properties was evaluated with a ratio of 
the duration of the reference oil used in the above test 
to that of each of the compositions in Examples and 
Comparative Examples. 

The measurement was conducted for each 
composition every 24 hours after 0, 6, 12, and 24 hours. 
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If the duration of a composition was equal to or 
longer (72 hours or longer) than that of the reference 
oil, the composition was judged to be excellent in 
duration of anti-shudder properties. In the case where 
the duration was 4 times (288 hours) or longer than that 
of the reference oil, the test was discontinued, the 
evaluation was indicated by 4 or more. 

(2) Fatigue life test 

The fatigue life of each of the compositions was 
measured using a two cylinder-type fatigue tester in 
the following manner. 
(Cylinder) 

Material : SCM4 3 6 

Shape : O 68 mm x 10 mm 

Hardness: SB3000 to 340 
(Test conditions) 

Peripheral velocity: driving side: 12 m/s, 

driven side: 10 m/s 

Oil temperature: 60 °C 

Surface pressure: 12 MPa 

(Evaluation criterion) 

Time consumed until surface damages such as 
pitching appear was evaluated as fatigue life. If the 
fatigue life of the composition is 50 hours or longer, 
the composition was evaluated as having a long fatigue 
lif e . 
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As apparent from the results shown in Tables 1-1 
and 1-2, the lubricating oil compositions of Examples 
1 to 8 had long duration of both anti-shudder properties 
and ant i-pitching properties. As seen particularly 
from Examples 7 and 8 wherein a heavy base oil with a 
high kinematic viscosity is blended, the resulting 
lubricating oil compositions had further prolonged 
duration of ant i-pitching properties. 

On the other hand, the composition containing too 
much Component (B), i.e., calcium salicylate 
(Comparative Example 1) was poor in duration of 
anti-shudder properties, and the composition 
containing no Component (B) (Comparative Example 2) was 
poor in duration of ant i-pitching properties. The 
composition containing too much Component (C), i.e., 
SP type extreme pressure additive (Comparative Example 
3) was satisfactory in duration of neither anti-shudder 
properties nor ant i-pitching properties. The 
compositions containing no Component (C) (Comparative 
Examples 4 to 6) failed to achieve long-lasting 
ant i-pitching properties and anti-shudder properties 
at the same time. The composition containing no 
Component (D), i.e., succinimide (Comparative Example 
7) was poor in duration of anti-shudder properties, 
while the composition containing no Component ( E ) , i.e., 
boron-containing ashless dispersant (Comparative 
Example 8) was poor in duration of ant i-pitching 
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properties . 

[Effects of the Invention] 

The lubricating oil composition of the present 
invention has excellent duration of anti-shudder 
properties and capable of providing long fatigue life. 
Therefore, the lubricating oil composition of the 
present invention can be used as a transmission oil, 
particularly as a lubricating oil composition for 
automatic transmissions and/or continuously variable 
transmission or transmissions equipped with a wet 
clutch and/or wet brake as well as a lubricating oil 
required to prevent pitching so as to improve fatigue 
life, such as a gear oil, a lubricating oil for internal 
combustion engines, a hydraulic oil for shock absorbers, 
and a compressor oil. 
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